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I O I p Specification 

METHOD OF MANUFACTURING GLASS PANEL AND GLASS PANEL 
MANUFACTURED BY THE METHOD 

Technical Field 

The present invention relates to a method of manufacturing a glass 
panel, including the steps of: disposing a number of spacers between a pair 
of glass sheets; sealing outer peripheries of the glass sheets with an outer 
periphery sealing portion to form a gap between the glass sheets; forming a 
vent in one of the glass sheets for evacuating gas from the gap; evacuating 
the gas in the gap via the vent to depressurize the gap; and then sealing the 
vent. The invention relates also to a glass panel manufactured by such 
method. 

Background Art 

According to a typical conventional method of manufacturing a 
glass panel of the above-noted type, a glass tube is fixedly connected to the 
vent formed in one glass sheet to be communicated therewith. After 
evacuating gas from the gap via this glass tube, the projecting leading end of 
the glass tube is heated and molten to seal the vent. Therefore, in the 
conventional glass panel, a portion of the glass tube remains projecting at 
the portion of the vent. 

If a portion of the glass tube remains projecting on the surface of 
the glass sheet as described above, this will impair the appearance of the 
glass panel and also the glass tube may be damaged by contact with an 
object, thus breaking up the depressurized condition of the gap, thereby 
inviting the potential for reduction in the heat insulating performance. 



In view of the above, the present applicant proposed by its prior 
application: Japanese laid-open patent publication No. Hei. 10-198686 a 
method including the steps of: disposing a solder plate and a blocking plate 
on the top face of the glass sheet having the vent in a state of overlapping 
the vent; heating and melting the solder plate; allowing the molten solder 
plate to be cooled and solidified so as to integrate the glass sheet and the 
blocking plate together, thereby sealing the vent. 

With this method, the projection amount of the blocking plate 
relative to the glass sheet surface may be minimized, thereby reducing the 
risk of damage in the blocking plate by contact with an object, hence, 
reducing also the possibility of the depressurized condition in the gap being 
lost. 

However, in order to strongly bond the blocking plate to the glass 
sheet by means of the molten solder plate, it is necessary to provide in 
advance a metalizing treatment on the glass sheet surface. That is, a 
special layer needs to be formed on the glass sheet surface by means of e.g. 
sintering silver paste. In this respect, there still remained some room for 
improvement. 

The present invention has been made in view of the above- 
described state of the art. Its object is to provide a method of 
manufacturing a glass panel which makes it possible to minimize the 
projection amount from the glass sheet surface for improved appearance 
and for reduced the possibility of breaking-up of the depressurized condition 
resulting from contact with an object and also to reliably seal the vent with 
a relatively easy step. 

Disclosure of the Invention 

According to the characterizing feature of the invention recited in 
claim 1, as illustrated in Figs. 1-4, a method comprises the steps of: 



disposing a number of spacers 2 between a pair of glass sheets 1A, IB; 
sealing outer peripheries of the glass sheets 1A, IB with an outer periphery 
sealing portion 3 to form a gap V between the glass sheets 1A, IB; forming a 
vent 4 in one 1A of the glass sheets 1A, IB for evacuating gas from the gap 
5 V; evacuating the gas in the gap V via the vent 4 to depressurize the gap V; 
and then sealing the vent 4; 

wherein at the sealing step of sealing the vent 4, a metal solder 6 is 
employed as a sealing material, a piece 6 A of the metal solder is heated and 
molten adjacent the vent 4 to break open an oxide skin 6a on the surface of 

10 the metal solder 6, so that the metal solder 6 therein is allowed to flow out 
through the broken oxide skin to come into contact directly with the one 
glass sheet 1A, whereby the metal solder 6 is cooled and solidified by the 
contact, thus sealing the vent 4. 

With the above method, a metal solder is employed as a sealing 

15 material, a piece of the metal solder is heated and molten adjacent the vent 
to break open an oxide skin 6a on the surface of the metal solder, so that the 
metal solder therein is allowed to flow out through the broken oxide skin to 
come into contact directly with the one glass sheet, whereby the metal 
solder is cooled and solidified by the contact, thus sealing the vent. 

20 Therefore, the metal solder can be directly bonded to the glass sheet without 
presence of the oxide skin therebetween, so that the vent can be sealed with 
high bonding strength. 

As a result, there is no need of forming in advance a special layer or 
the like on the glass sheet surface and it is possible to manufacture a glass 

25 panel with minimized projection amount from the glass sheet surface for 
superior appearance and reduced the possibility of damage from contact 
with an object. 

According to the characterizing feature of the invention recited in 
claim 2, as illustrated in Figs. 3 and 4, an inflow preventing member 5 is 
30 provided at a longitudinal intermediate portion of the vent 4 for preventing 



3 



the flown-out metal solder 6 from flowing into the gap V. 

Therefore, since the inflow preventing member is disposed at a 
longitudinal intermediate portion of the vent for preventing the flown-out 
metal solder from flowing into the gap, it becomes possible to reduce the 
5 projection amount of the metal solder from the glass sheet surface, in 
comparison with a case where such inflow preventing member is disposed 
on the glass sheet surface. 

And, especially if the inflow preventing member is disposed at the 
longitudinal intermediate portion of the vent with leaving a space at an 
10 upper portion of the vent for allowing introduction of the metal solder 
^3 therein, the inner content of the metal solder which has flown out through 

the broken oxide skin will be allowed to flow into the vent, so that vent may 

§.'& 

^ be sealed from its inside by the metal solder. As a result, the vent may be 

S sealed even more reliably. Further, if the metal solder is formed 

^ 15 substantially flush with the glass sheet surface, substantially entire content 

of the metal solder may be introduced into the vent as well, 
y According to the characterizing feature of the present invention 

ft recited in claim 3, as illustrated in Fig. 9, the inflow preventing member 5 

includes a getter 5a for adsorbing the gas in the gap V. 
20 Therefore, since the inflow preventing member includes a getter for 

adsorbing the gas in the gap, even if some gas remains in the gap, this will 
be adsorbed by the getter, whereby the depressuiized condition of the gap 
may be maintained even more reliably. 

According to the characterizing feature of the present invention 
25 recited in claim 4, an annular restricting member 7 for restricting outflow of 
the metal solder 6 is provided so as to surround the vent 4 and the metal 
solder piece 6A, and the metal solder 6 is allowed to flow out through the 
oxide skin 6 a on the surface of the molten metal solder piece 6 A while the 
restricting member 7 is maintained in contact with the surface of the one 
30 glass sheet 1A. 
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Therefore, since an annular restricting member for restricting 
outflow of the metal solder is provided so as to surround the vent and the 
metal solder piece and the metal solder is allowed to flow out through the 
oxide skin on the surface of the molten metal solder piece while the 
5 restricting member is maintained in contact with the surface of the one 
glass sheet, the portion of the vent requiring sealing may be effectively 
sealed with a minimum amount of the metal solder. 

According to the characterizing feature of the invention recited in 
claim 5, the metal solder 6 comprises indium or an alloy including indium. 

10 Therefore, since the metal solder comprises indium or an alloy 

including indium, the solder can provide even higher bonding strength and 
even superior sealing performance, whereby the vent formed in one glass 
sheet may be sealed even more firmly. 

According to the characterizing feature of the invention recited in 

15 claim 6, as illustrated in Figs. 1 and 3, there is provided a glass panel 
including a pair of glass sheets 1A, IB disposed with a number of spacers 2 
therebetween, outer peripheries of the glass sheets 1A, IB being sealed with 
an outer periphery sealing portion 3 to form a gap V between the glass 
sheets 1A, IB, a vent 4 being formed in one 1A of the glass sheets 1A, IB for 

20 evacuating gas from the gap V to depressurize the gap V and then being 
sealed; 

wherein the vent 4 is sealed by the metal solder 6 with the metal 
solder 6 being introduced into the vent 4. 

Accordingly, since the vent defined in one of the pair of glass sheets 
25 is sealed by the metal solder and this sealing is effected with the metal 
solder being introduced into the vent, the vent may be sealed from the 
insider thereof by means of the metal solder. As a result, there may be 
manufactured a glass panel whose vent is sealed effectively and reliably 
with a minimum amount of metal solder. 
30 According to the characterizing feature of the present invention 
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recited in claim 7, as illustrated in Fig. 3, an inflow preventing member 5 is 
provided at a longitudinal intermediate portion of the vent 4 for preventing 
the flown-out metal solder 6 from flowing into the gap V, with the metal 
solder 6 being introduced up to the inflow preventing member 5. 

Therefore, since an inflow preventing member is provided at a 
longitudinal intermediate portion of the vent for preventing the flown-out 
metal solder from flowing into the gap, with the metal solder being 
introduced up to the inflow preventing member, it is possible to provide a 
glass panel with its vent being sealed effectively and reliably as described 
above and also with the inflow of the metal solder into the vent being 
effectively prevented. Further, if substantially entire amount of the metal 
solder is allowed to flow into the vent for sealing it, there may be obtained a 
glass panel having the metal solder and the glass sheet surface being 
substantially flush with each other. 

According to the characterizing feature of the present invention 
recited in claim 8, as illustrated in Fig. 9, the inflow preventing member 5 
includes a getter 5a for adsorbing the gas in the gap V. 

Therefore, since the inflow preventing member includes a getter for 
adsorbing the gas in the gap, even if some gas remains in the gap, this will 
be adsorbed by the getter, whereby there may be obtained a glass panel 
with the depressurized condition of the gap being maintained even more 
reliably. 

According to the characterizing feature of the invention recited in 
claim 9, the metal solder 6 comprises indium or an alloy including indium. 

Therefore, since the metal solder comprises indium or an alloy 
including indium, there may be obtained a glass panel with the solder 
providing even higher bonding strength and even superior sealing 
performance, whereby the vent formed in one glass sheet may be sealed 
even more firmly. 

According to the characterizing feature of the invention recited in 
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claim 10, as illustrated in Figs. 1, 13 and 14, there is provided a method of 

manufacturing a glass panel, the method comprising the steps of: disposing 

a number of spacers 2 between a pair of glass sheets lA, IB; sealing outer 

peripheries of the glass sheets 1A, IB with an outer periphery sealing 

5 portion 3 to form a gap V between the glass sheets 1A, IB; forming a vent 4 

in one 1A of the glass sheets 1A, IB for evacuating gas from the gap V; 

evacuating the gas in the gap V via the vent 4 to depressurize the gap V; 

and then sealing the vent 4; 

wherein at the sealing step of sealing the vent 4, a metal solder 6 is 

3 10 employed as a sealing material, a piece 6A of the metal solder is heated and 
.0 

,B molten adjacent the vent 4 to break open an oxide skin 6a on the surface of 

<& 

g the metal solder 6, so that the metal solder 6 therein is allowed to flow out 

2 through the broken oxide skin into the gap V to come into contact directly 

^ with a portion of the surface of the one glass sheet lA defining the vent 4 on 

^ 15 the side of the gap V and also with a portion of the surface of the other glass 
sheet IB on the side of the gap V, the portion being in the vicinity of the vent 
4, whereby the metal solder 6 is cooled and solidified by the contact to block 
communication between the vent 4 and the gap V, thus sealing the vent 4. 

Accordingly, since the molten metal solder therein is allowed to 
20 flow out through the broken oxide skin into the gap to come into contact 
directly with a portion of the surface of the one glass sheet defining the vent 
on the side of the gap and also with a portion of the surface of the other glass 
sheet on the side of the gap, the portion being in the vicinity of the vent, 
whereby the metal solder is cooled and solidified by the contact. Thus, 
25 communication between the vent and the gap is blocked and the vent may 
be sealed easily. Thus, there is substantially no risk of the metal solder 
being damaged even if an object comes into contact with the surface of the 
glass sheets (glass panel). Moreover, the metal solder and the glass sheet 
surfaces which come into direct contact within the gap V as described above 
30 are not directly exposed to the atmosphere, whereby deterioration in the 
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contacting portions therebetween due to corrosion or the like will hardly 
occur. As a result, it is possible to maintain the good contact condition 
between the metal solder and the glass sheet surface and to further reduce 
the risk of damage to the depressurized condition in the gap. Moreover, 
5 since such metal solder is caused to flow into the gap through the vent to 
charge the gap with this solder, by appropriately adjusting the amount of 
metal solder to be molten, it become readily possible also to reduce the 
projection amount of the metal solder from the vent on the surface of the 
glass sheet (glass panel). 

10 Therefore, it is possible to manufacture a glass panel with very 

small projection amount from the glass sheet surface which thus is superior 
in appearance and which also can reduce the possibility of the depressurized 
condition of the gap being lost due to contact with an object. 

Further, since the molten metal solder to be introduced into the gap 

15 is introduced by heating and melting the metal solder piece in the vicinity of 
the vent so as to allow the metal solder therein to break and flow out 
through the oxide skin on the surface of the molten metal solder, the molten 
metal solder can come into direct contact with the glass sheet surfaces 
without presence of oxide skin therebetween. Accordingly, the vent may be 

20 sealed with even higher bonding strength. 

Therefore, there may be obtained a glass panel in which the 
depressurized condition of its gap can be easily maintained for an extended 
period of time with reliable blocking of the communication between the vent 
and the gap. 

25 Incidentally, as described above, since within the gap the metal 

solder is charged so as to come into contact directly with a portion of the 
surface of the one glass sheet defining the vent on the side of the gap and 
also with a portion of the surface of the other glass sheet on the side of the 
gap, the portion being in the vicinity of the vent, to block communication 

30 between the vent and the gap, thus sealing the vent, it is possible to reliably 
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and also easily maintain the depressurized condition of the gap, regardless 
of the condition of the vent per se (whether the vent per se is completely 
sealed or not, e.g. whether the metal solder is charged in contact with its 
peripheral wall or not). 
5 According to the characterizing feature of the present invention 

recited in claim 11, the portions of the glass sheets on the side of the gap 
coming into direct contact with the metal solder are formed in advance into 
smooth faces. 

Accordingly, since the portions of the glass sheets coining into 
13- 10 direct contact with the metal solder are formed in advance into smooth faces, 
%Q the wettability of the molten metal solder introduced into the gap relative to 

these portions of the glass sheet surfaces is improved. Therefore, the 
contact condition between the glass sheet surfaces and the metal solder 
refilled inside the gap may be even closer to each other. 
|:& 15 Consequently, the above-described contact condition between the 

I J glass sheet surfaces and the metal solder refilled inside the gap may be even 

tighter, so that the communication between the vent and the gap may be 
blocked in even more reliable manner for sealing the vent. 

According to the characterizing feature of the present invention 
20 recited in claim 12, the metal solder comprises indium or an alloy including 
indium. 

Therefore, since the metal solder comprises indium or an alloy 
including indium, the solder can provide even higher bonding strength and 
even superior sealing performance, whereby the vent formed in one glass 
25 sheet may be sealed even more firmly. 

According to the characterizing feature of the invention recited in 
claim 13, as illustrated in Figs, 1 and 13, there is provided a glass panel 
including a pair of glass sheets 1A, IB disposed with a number of spacers 2 
therebetween, outer peripheries of the glass sheets 1A, IB being sealed with 
30 an outer periphery sealing portion 3 to form a gap V between the glass 
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sheets 1A, IB, a vent 4 being formed in one 1A of the glass sheets 1A ? IB for 
evacuating gas from the gap V to depressurize the gap V and then being 
sealed; 

wherein a metal solder 6 is charged within the gap V in such a 
manner as to come into direct contact with a portion of the surface of the one 
glass sheet 1A defining the vent 4 on the side of the gap V, the portion being 
around the vent 4. and also with a portion of the surface of the other glass 
sheet IB on the side of the gap V, the portion being in the vicinity of the vent 
4, thereby to block communication between the vent 4 and the gap V, thus 
sealing the vent 4. 

Accordingly, since a metal solder is charged within the gap in such 
a manner as to come into direct contact with a portion of the surface of the 
one glass sheet defining the vent on the side of the gap, the portion being 
around the vent, and also with a portion of the surface of the other glass 
sheet on the side of the gap, the portion being in the vicinity of the vent, 
thereby to block communication between the vent and the gap, thus sealing 
the vent, there may be provided a glass panel glass panel with minimized 
projection amount from the glass sheet surface for superior appearance and 
reduced possibility of damage from contact with an object. Moreover, the 
vent may be sealed effectively and reliably with further reduced amount of 
metal solder. 

According to the characterizing feature of the present invention 
recited in claim 14, the metal solder comprises indium or an alloy including 
indium. 

Therefore, since the metal solder comprises indium or an alloy 
including indium, the solder can provide even higher bonding strength and 
even superior sealing performance, whereby the vent formed in one glass 
sheet may be sealed even more firmly. 

Incidentally, although reference marks are provided in the above 
description in order to facilitate reference to the accompanying drawings, it 
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is understood that the provision of the marks is not to limit the scope of the 
present invention to the constructions shown in the accompanying 
drawings. 

5 Brief Description of the Drawings 



Fig. 1 is a partially cutaway perspective view of a glass panel, 
Fig. 2 is a perspective view of a glass panel and a sealing device, 
Fig. 3 is a section view of principal portions of a glass panel 
10 according to a first embodiment, 

?3 

S Fig. 4 is a section view illustrating a sealing operation of a vent 

?% 

[ J according to the first embodiment, 

p» 

^ Fig. 5 is a section view of principal portions of a glass panel 

3 according to a further embodiment, 

15 Fig. 6 is a section view of principal portions of a glass panel 

according to a further embodiment, 

Fig. 7 is a section view of principal portions of a glass panel 
according to a further embodiment, 

Fig. 8 is a section view of principal portions of a glass panel 
20 according to a further embodiment, 

Fig. 9 is a section view of principal portions of a glass panel 
according to a further embodiment, 

Fig. 10 is a section view of principal portions of a glass panel 
according to a further embodiment, 
25 Fig. 1 1 is a section view showing a further embodiment of a sealing 

device, 

Fig. 12 is a section view showing a still further embodiment of a 
sealing device, 

Fig. 13 is a section view of principal portions of a glass panel 
30 according to a second embodiment, 
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Fig. 14 is a section view illustrating a sealing operation of a vent 
according to the second embodiment, 

Fig. 15 is a section view of principal portions of a glass panel 
according to a further embodiment, 
5 Fig. 16 is a section view of principal portions of a glass panel 

according to a further embodiment, 

Fig. 17 is a section view of principal portions of a glass panel 
according to a further embodiment, and 

Fig. 18 is a section view showing a further embodiment of the 
10 sealing device. 

Best Mode of Embodying the Invention 

A first embodiment of a method of manufacturing a glass panel and 
15 the glass panel manufactured by the method relating to the present 
invention will be described with reference to the accompanying drawings. 

(first embodiment) 

20 A glass panel shown in Fig. 1 includes a pair of glass sheets 1A ; IB 

disposed with a number of spacers 2 interposed to form a gap V between the 
glass sheets 1A, IB, with outer peripheries of the glass sheets 1A, IB being 
sealed together by an outer periphery sealing portion 3. 

The gap V is maintained under a depressurized condition of e.g. 

25 1.33 Pa (corresponding to 1.0 x 10' 2 Torr) or lower. For this purpose, a vent 
4 for evacuation is formed in one glass sheet 1A and this vent 4 is sealed 
after the evacuation operation. 

Each of the glass sheets 1A, IB employed in this glass panel is a 
float glass sheet having a thickness of about 2.65 mm to 3.2 mm. However, 

30 other various kinds of sheet glass such as figured glass sheet, frosted glass 
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sheet, wire glass sheet, tempered glass sheet, a glass sheet capable of 
absorbing thermic rays or ultraviolet rays may be employed instead. 
Further, the thickness of the glass sheet too may be appropriately selected, 
depending on the type of the glass used. 
5 Further, the two glass sheets 1A, IB need not be of a same type and 

a same thickness. Glass sheets of different types and/or different thickness 
may be employed also. 

Preferably, the spacer 2 is made of a material such as stainless 
steel (SUS304) having a compression strength of 4.9 x 10 s Pa (corresponding 
10 to St/cm 2 ) or more and in the form of a cylinder having a diameter of 0.3 mm 
to 1.0 mm and a thickness of 0.15 mm to 1.0 mm. Also preferably, the 



- ft$ 

h? distance between the spacers 2 is about 20 mm. 



However, the material of the spacer 2 is not particularly limited to 
the stainless steel. Instead, the spacer 2 may be formed of other various 

15 kinds of material such as other kinds of metal material like Inconel 718 
alloy, quartz glass, ceramic etc. Its shape is also not limited to the cylinder, 
but may be a square pillar, etc. The distance between the spacers 2 also 
can be varied appropriately. 

The outer periphery sealing portion 3 is formed of a low-melting 

20 glass such as solder glass and is capable of sealing the outer peripheral 
edges of the two glass sheets 1A, IB together so as to maintain the sealed 
condition of the gap V inside. 

Incidentally, of the two glass sheets 1A, IB, one glass sheet 1A is 
slightly smaller in area than the other glass sheet IB, so that the outer 

25 peripheral edge of the other glass IB projects beyond the outer peripheral 
edge of the one glass sheet 1A Accordingly, in forming the outer periphery 
sealing portion 3, the sealing material such as solder glass may be disposed 
on this projecting portion for allowing the sealing operation of the gap V by 
the outer periphery sealing portion 3 to take place in an efficient and 

30 reliable manner. 
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The vent 4, as shown in Fig. 3 in details, is a stepped vent 
consisting of a large-diameter hole 4a of a diameter of 3 mm and a small- 
diameter hole 4b of a diameter of 2 mm. On its stepped portion, an inflow 
preventing member 5 for preventing metal solder 6 from flowing into the 
5 gap V can be disposed. In this manner, the vent 4 is to be sealed with the 
metal solder 6 with the inflow preventing member 5 being set on the 
stepped portion between the large-diameter hole 4a and the small-diameter 
hole 4b. Further, on the surface of the glass sheet 1A, there is affixed a 
guide plate 7 as an annular restricting member and this guide plate 7 and 
10 the metal solder 6 are covered together with a cover member 8. 
ff The inflow preventing member 5 is made of a metal mesh using a 

p thin stainless steel wire having a wire diameter of 0.04 mm and an opening 

area percentage of 36.8%. However, this may be made of any other 
y material such as glass fabric as long as such other material does not 

^ 15 interfere with the evacuation operation from the vent 4 and yet prevents 

C3 

yj inflow of the metal solder 6. 



Preferably, with consideration to the temperature (-30°C~100°C) 
during use of the glass panel, the metal solder 6 should have a melting point 
of 120°C~250°C. For instance, indium having a melting point of 156.4°C 

20 may be employed. Indium has a strong bonding force relative to glass and 
also provides superior sealing performance. Moreover, the oxide skin 
formed on its surface is thin. For these reasons, indium is preferred as the 
metal solder 6 employed in this invention. 

However, since indium is a relatively expensive metal material, 

25 various alloys thereof such as an alloy of 50% of indium and 50% of tin 
(having the solidus at 115.6°C and the liquidus at 126.9°C) or alloy of 40% of 
indium and 60% of lead (having the solidus at 173.0°C and the liquidus at 
225.0°C). 

Incidentally, the use of indium or indium alloy as the metal solder 
30 6 provides a frirther advantage as follows. That is, due to the difference in 
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the coefficients of linear expansion between the metal solder 6 and the glass 
sheets 1A, IB, even if a stress is developed in the bonding interface between 
the metal solder 6 and the glass sheets 1A, ,1B resulting from variation in 
the atmospheric temperature after the metal solder 6 was placed into direct 
contact with the glass sheets 1A, IB and solidified, indium or indium alloy, 
because of its softness, can relieve such stress, thereby to reduce the 
possibility of detachment of the metal solder 6. Therefore, it can be 
expected that the depressurized condition of the gap will be maintained 
stably for an extended period of time. 

The guide plate 7 is provided for the purpose of restricting flow of 
the metal solder 6. Therefore, this can be formed of any material as long as 
it can prevent flow of the metal solder 6. However, since it is preferred that 
the material should easily adsorb occluded gas on the surface in vacuum, a 
porous material is not suitable. Most preferably, the guide plate should be 
a metal or ceramic plate or stainless steel mesh having a thickness of 0.1 
mm approximately. 

The cover member 8 too may be formed of various kinds of material. 
However, since it is preferred that the material should provide a strong 
bending force relative to the metal solder 6 and should also have a similar 
coefficient of thermal expansion to that of the glass sheets 1A, IB 
constituting the glass panel, this cover member should preferably comprise 
a glass sheet of same composition as the glass sheets 1A, IB. 

Next, a sealing device used for sealing the vent 4 with the metal 
solder 6 will be explained. 

This sealing device, as shown in Figs. 2 and 4, includes a stand 10 
defining a through hole 9 at the center thereof, the through hole 9 having a 
rectangular shape in its plan view. First, on the stand 10, there are 
mounted a horizontal axis 11 for weight and a weight 12 pivotable about the 
horizontal axis 11. Further, on this stand 10, there are also mounted a 
horizontal axis 13 for a pivot and a pivot member 14 pivotable about the 
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horizontal axis 13. 

The weight 12 and the pivot member 14 are disposed in opposition 
to each other across the through hole 9 of the stand 10. Of these stand 10, 
weight 12 and pivot member 14, only the pivot member 14 is made of 
5 magnetic material such as iron and the other components, i.e. the stand 10 
and the weight 12 are made of non-magnetic material. 

The components of the sealing device such as the stand 10 can be 
accommodated within a cylindrical barrel 15 made of e.g. non-magnetic 
material. The upper face of the barrel 15 is sealed with a glass sheet 16 
10 and to the bottom face of the barrel 15, there is attached an O-ring 17 for 
providing sealing relative to the glass sheet 1A. 

In the area of the upper face of the glass sheet 16 and at a position 
above the free end of the pivot member 14, an electromagnet 18 is provided. 
3 Further, the barrel 15 includes a flexible pipe 19 for evacuating gas from the 

15 gap V of the glass panel via the inner space of the barrel 15. 
«j Next, a method of manufacturing a glass panel by sealing the vent 

4 by using this sealing device will be described. 

First, as shown in Fig. 4 (a), the inflow preventing member 5 is 
inserted in advance into the large-diameter hole 4a of the vent 4. Then, the 
20 stand 10 is mounted on the glass sheet 1A. In doing this, the stand 10 is to 
be mounted so that the vent 4 is located within the through hole 9 of the 
stand 10, 

In the area on the glass sheet 1A surrounded by the through hole 9 
of the stand 10, the guide plate 7 is placed with a metal solder piece 6A 
25 being attached to the inner side of the guide plate 7. That is, the guide 
plate 7 is to be mounted on the glass sheet 1A so that the vent 4 and the 
metal solder piece 6A are surrounded by the annular guide plate 7. 

The distance between the disposing position of the metal solder 
piece 6A and the vent 4 is appropriately set, depending on e.g. a kind and 
30 amount of the metal solder piece 6A used. For example, if the vent 4 has a 
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pore diameter of 2 mm and the gap V has a layer thickness of 0.2 mm, then, 
by using about 0.3 g of the metal solder piece 6A formed solely of indium 
and by setting the distance between the disposing position of the metal 
solder piece 6A and the vent 4 to 8 mm approximately, the solder may be 
5 uniformly charged within the gap V. 

Then, the cover member 8 is mounted so that one side of this cover 
member 8 is engaged with one end of the guide plate 7 and the other side of 
the cover member 8 is engaged with the upper face of the free end of the 
pivot member 14 and also the weight 12 is placed on the upper face of the 

10 cover member 8. Next, the barrel 15 is placed over this, so that the stand 10, 
the metal solder piece 6A and the cover member 8 together are 
accommodated within the barrel 15. 

Then, this glass panel and the sealing device will be charged into a 
heating furnace 20 with the glass panel being maintained horizontal. Then, 

15 as they are heated to e.g. 200°C, evacuation operation is effected through the 
flexible pipe 19. Whereby, air in the barrel 15 is withdrawn and air at the 
gap V is also withdrawn through the inflow preventing member 5 formed of 
e.g. a metal mesh of a stainless steel wire, so that the predetermined 
depressurized condition described hereinbefore is obtained inside the gap V. 

20 Indium forming the metal solder piece 6A will be melted when the 

temperature becomes higher than 156.4°C. However, with the above- 
described temperature condition alone, its original shape before the heating 
operation may be substantially maintained by the surface tension. 
Incidentally, even if the metal solder piece 6A is activated by its melting, 

25 promotion of oxidation on the surface of the metal solder piece 6 A may be 
prevented since the inside of the barrel 15 is near vacuum. 

When the metal solder piece 6A has been melted and the condition 
in the gap V has reached the predetermined condition, power is supplied to 
the electromagnet 18. With this, by the attraction exerted by the 

30 electromagnet 18, the pivot member 14 is pivoted upward around the pivot 
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horizontal axis 13 to release the engagement with the cover member 8. 

Then, by the cooperative action of the weight of the cover member 8 
and the weight of the weight 12, the cover member 8 will be dropped onto 
the molten metal solder piece 6A. By this dropping of the cover member 8, 
5 the molten metal solder piece 6A will be collapsed instantaneously. That is, 
as illustrated in Fig. 4 (b), the oxide skin 6a on the surface will be broken to 
allow the inner content of the metal solder piece 6 A to flow out or spill out. 

Although this spilt content of the metal solder piece 6 A flows while 
directly contacting the glass sheet 1A, its spilling-out area will be restricted 
10 substantially within the guide plate 7. Then, the spilt content of the metal 
solder piece 6a will flow into the vent 4 to come into direct contact with the 
5 -*f outer peripheral face of the vent 4. In the course of this, however, its inflow 

R into the vent V is prevented by the inflow preventing member 5. 

;3 Under this condition, the heating by the heating furnace 20 is 

15 stopped and it is waited until it is cooled. Then, the molten metal solder 
;J piece 6 A will have been solidified to complete sealing of the vent 4 with this 

y metal solder 6. Thereafter, if necessary, a water-proof sealant such as 

silicone will be applied or a cap will be attached to the vent, whereby the 
manufacture of the glass panel is completed. 
20 Next, other embodiments closely relating to the first embodiment 

will be described. 

<1-1> In the case of the finished glass panel described in the foregoing 
first embodiment, the guide plate 7 is affixed to the periphery of the vent 4 
25 sealed with the metal solder 6 and the cover member 8 covers this guide 
plate 7 and the metal solder 6. However, as shown in Fig. 5, the glass 
panel may be constructed without the guide plate 7 or the cover member 8. 

For this glass panel of Fig. 5 too, the same sealing device as that 
described in the foregoing embodiment is employed for sealing the vent 4 by 
30 entirely same method. Thereafter, however, the guide plate 7 and the 
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cover member 8 are removed to leave only the metal solder 6 fixedly bonded 
to the inside of the vent 4 and to the periphery thereof. Accordingly, it is 
preferred that the guide plate 7 and the cover member 8 should be formed of 
a material, such as aluminum, which hardly adheres to the solidified metal 
5 solder 6. Also, since the metal solder 6 is exposed in the final condition, it 
is preferred that a water-proof coating should be applied or a cap should be 
affixed for protection. 

<l-2> In the foregoing embodiment, the vent 4 is constructed as a 

■ J 10 stepped vent consisting of the large-diameter hole 4a and the small- 

%y 

)>3 diameter hole 4b. However, as shown in Fig. 6, the vent 4 may comprise a 

-fi combination of a trumpet-like large-diameter hole 4a having a diameter 

0 increasing upward and the small-diameter hole 4b. 

^ Further, as shown in this Fig. 6, a fine uneven face la may be 

;J 15 formed in advance at the portion of the surface of the glass sheet 1A where 
Ml the metal solder piece 6A is to be placed. Then, the metal solder piece 6A 

g may be placed on this uneven face la. In this case, when the content of the 

metal solder piece 6 A spills out, the oxide skin 6 a of the metal solder piece 
6a will be hooked by the uneven face la, so that the oxide skin will be 
20 prevented from entering the vent 4. As a result, the introduction of the 
content of the metal solder piece 6A into the vent 4 can take place more 
smoothly, whereby more reliable sealing of the vent 4 can be achieved. 

<l-3> In the foregoing embodiment, the inflow preventing member 5 is 
25 disposed at a longitudinal mid position of the vent 4, so that the metal 
solder piece 6A flows out to seal a part of the upper portion of the vent 4. 
Instead, as shown in Fig. 7, the inflow preventing member 5 may be 
disposed at the upper end of the vent 4. Then, when the metal solder plate 
6A flows out, the metal solder 6 will cover and seal the top of the vent 4, not 
30 sealing the inside of the vent 4. 
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That is, in this case, the vent 4 wiU comprise a combination of the 
small-diameter hole 4b and a large-diameter hole 4a having a depth equal 
to the thickness of the inflow preventing member 5. Then, by disposing the 
inflow preventing member 5 inside this large- diameter hole 4a, and if the 
5 metal solder 6 is allowed to flow out in this condition, the metal solder 6 will 
not flow into the vent 4, but come into direct contact only with the surface of 
the glass sheet 1 A to seal the vent 4 and this metal solder 6 will be covered 
with the cover member 8. Further, in this embodiment shown in Fig. 7, if 
the guide plate 7 and the cover member 8 are removed after solidification of 
10 the metal solder 6, there will be obtained a glass panel without the guide 
plate 7 or the cover member 8. 



; P <l-4> When the vent 4 is constructed as a stepped vent consisting of the 

p large-diameter hole 4a, 4c and the small-diameter hole 4b, as shown in Fig. 



15 8, the inflow preventing member 5 may be inserted in advance into the 



large-diameter hole 4a ? so that the introduced metal solder 6 will be present 
U only inside the large-diameter hole 4a. In this case, as shown in Fig. 8 in 

3 particular, by controlling the amount of metal solder 6, it is also possible to 

form this metal solder 6 and the surface of the glass sheet 1A substantially 
20 flush with each other. Also, if necessary, the metal solder 6 may be covered 
by the cover member 8. 

However, in order to carry out such outflow operation smoothly, a 
sealing device to be described later (see Fig. 11 and Fig. 12) may be used 
effectively. 

25 

<l-5> In the foregoing embodiment, the inflow preventing member 5 
formed of a wire mesh using a stainless steel wire or glass cloth is employed 
alone. Instead, as shown in Fig. 9, a further embodiment is possible in 
which the inflow preventing member 5 includes a getter 5a. 
30 This getter 5a is provided for adsorbing gas present in the gap V. 
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And, this is made of Zr, Zr-Al, Zr-Ai-Ti, Zr-V-Fe, Ba-Al, etc. And, this 
getter 5a is formed cylindrical to be inserted into the large-diameter hole 4a, 
so that one side of the getter 5a is exposed inside the gap V. 

Incidentally, regarding this getter 5a, in addition to its construction 
5 shown in Fig. 9, it is also possible to cause it to be retained by the inflow 
preventing member 5, i.e. to cause the getter to be retained by the face of the 
inflow preventing member 5 exposed to the gap V. 

<l-6> In the foregoing embodiment, the vent 4 is constructed as a 
10 stepped vent. Instead, as shown in Fig. 10, the vent 4 may be constructed 
as a straight hole. 

In this case, if it is necessary to prevent the molten metal solder 
piece 6A from flowing into the gap V, as shown, the inflow preventing 

^ member 5 may be pinched between the two glass sheets 1A, IB. Still 

si 

15 alternatively, the inflow preventing member 5 may be affixed to a 
| r :j longitudinal intermediate portion of the straight vent 4 so as to prevent the 

metal solder piece 6A from flowing into the gap V, 

Further, in this embodiment shown in Fig. 10 also, the glass panel 
may be formed without the guide plate 7 or the cover member 8. 

20 

<l-7> Moreover, the construction of the sealing device used for sealing 
the vent 4 with the metal solder 6 is not limited to that described in the 
foregoing embodiment. Instead, various other constructions can be 
employed also. 

25 For instance, a sealing device shown in Fig. 11 includes a gas-tight 

box-like member 2 1 having a flexible pipe 19 for evacuating gas from the 
inside of the gap V and an O-ring 17 for providing sealing relative to the 
glass sheet 1A. Inside this box-like member 21, there is mounted an 
injector 24 consisting essentially of an inner cylindrical portion 22 and a 
30 slider 2 1 slidably disposed inside the cylindrical portion 22. The cylindrical 



f-t-% 



21 



portion 22 of the injector 24 is communicated with an inlet hole 25. 
Further, inside the cylindrical portion 22, there is incorporated a filter 26 
formed of a stainless steel. 

When this sealing device is used, the box-like member 2 1 will be set 
5 so as to cause the inlet hole 25 to face the vent 4 and then the metal solder 
piece 6A will be inserted into the cylindrical portion 22. Thereafter, the 
injector 24 is heated to melt the metal solder piece 6A inside the cylindrical 
portion 22. 

Then, as the slider 23 is slid to inject the molten metal solder 6 
..^ 10 from the injection hole 25 into the vent 4, only the content of the metal 
solder piece 6A will be injected into the vent 4. That is, the oxide skin 6a 
mixed in the molten metal solder 6 will be blocked by the filter 26, thus 
J preventing the oxide skin 6a from flowing into the injection hole 25 to block 

n this hole 25. 

f 15 Accordingly, like the sealing device of the foregoing embodiment, 

after cooling, the molten metal solder piece 6A will be solidified, whereby 
5 the sealing of the vent 4 with the metal solder 6 will be completed. The 

J landing position of the metal solder piece 6A spilling over from the injection 

hole 25 of the injector 24 can be controlled by appropriately setting such 
20 factors as the orientation of the injection hole 24, its length and its inner 
diameter, the forcing speed of the slider 23, the fluidity of the metal solder 6. 



3 : I 



<l-8> Further, a sealing device shown in Fig. 12, like the sealing device 
shown in Fig. 11, includes a gas-tight box-like member 27 having a flexible 

25 pipe 19 and an O-ring 17. Inside the box-like member 27, there is mounted 
an injector 30 consisting essentially of a cylindrical portion 28 and a slider 
29. The cylindrical portion 28 of the injector 30 incorporates therein a filter 
31. The injector 30 is vertically slidable with maintaining the sealed 
condition relative to the box-like member 27. 

30 Accordingly, with this sealing device, first, the box-like member 27 
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is set so that the opening of the cylindrical portion 28 will be located above 
the vent 4. Then, the injector 24 is heated to melt the metal solder piece 6A 
inserted into the cylindrical portion 22 . Alternatively, simultaneously with 
the melting operation, the entire injector 30 is slid downward to cause the 
leading end of the cylindrical portion 28 to face the vent 4. 

Then, as the slider 29 is pressed down with the cylindrical portion 
28 being fixed, the molten metal solder 6 will be injected into the vent 4. 

The spilling of the oxide skin 6a from the cylindrical portion 28 will 
be prevented by the filter 31, so that only the content of the metal solder 
piece 6A will be injected into the vent 4. The molten metal solder piece 6A 
will be solidified after the subsequent cooling, whereby the sealing of the 
vent 4 with the metal solder 6 will be completed. 

Next, a method of manufacturing a glass panel and the glass panel 
manufactured by the method according to a second embodiment of the 
present invention will be described with reference to the accompanying 
drawings. 

(second embodiment) 

In this embodiment, the appearance of the finished glass panel (see 
Fig. 1), the depressurized condition inside the gap V, the construction of the 
glass sheets 1A, IB employed, the construction and arrangement of the 
spacers 2 per se, the construction of the outer periphery sealing portion 3, 
the composition of the metal solder 6, the construction of the guide plate 7 
and the construction of the cover member 8 are not particularly different 
from those of the first embodiment. Therefore, detailed discussion thereof 
will be omitted. 

Incidentally, this embodiment is same as the first embodiment also 
in that one glass sheet 1A of the pair of glass sheets lA, IB is formed 
slightly smaller in area than the other glass sheet IB for allowing the 
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sealing operation of the gap V by the outer periphery sealing portion 3 to 
take place in an efficient and reliable manner. The following discussion 
will focus mainly on those respects that the second embodiment differs from 
the first embodiment. 
5 The vent 4, as shown in Fig. 13 in details, comprises a vent having 

a diameter of 2 mm. This vent 4 is sealed as the metal solder 6 charged 
into direct contact with the portion of the sheet face of the glass sheet 1A on 
the side of the gap V and in the periphery of the vent 4 and with the portion 
of the sheet face of the other glass sheet IB on the side of the gap V and in 
10 the vicinity of the vent 4 blocks communication between the vent 4 and the 
gap V. Further, on the surface of the glass sheet 1A, there is affixed the 
,g guide plate 7 as an annular restricting member, and this guide plate 7 and 

the metal solder 6 are covered by the cover member 8. 

Next, there will be described a method of manufacturing the glass 
15 panel with sealing the vent 4 by using the same sealing device as the first 
embodiment. 

J2| First, as illustrated in Fig. 14 (a), the glass panel is placed with the 

sheet faces of the glass sheets 1A, IB being substantially horizontal, and the 
stand 10 is mounted on the glass sheet 1A having the vent 4. This 
20 mounting operation is effected such that the vent 4 is disposed within the 
through hole 9 of the stand 10. 

Next, in the area on the glass sheet 1 A surrounded by the through 
hole 9 of the stand 10, the guide plate 7 is placed, with the metal solder 
piece 6A being attached to the inner side of this guide plate 7. That is, the 
25 guide plate 7 is placed on the glass sheet 1A such that the annular guide 
plate 7 surrounds the vent 4 and the metal solder piece 6A. The 
subsequent steps may be entirely the same as those of the first embodiment. 

The flowed-out content of the metal solder piece 6A will flow over 
the surface of the glass sheet 1A. However, its outflow range is limited 
30 substantially within the guide plate 7, so that the flowed-out content of the 
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metal solder piece 6A will flow into the vent 4 and further flow through this 
vent 4 into the gap V to come into direct contact with the portion of the sheet 
face of the glass sheet 1A having the vent 4 on the side of the gap V and in 
the periphery of the vent 4 and the portion of the sheet face of the other 
5 glass sheet IB also on the side of the gap V and in the vicinity of the vent 4. 

Under this condition, the heating by the heating furnace 20 is 
stopped and the cooling is waited to allow the molten metal solder piece 6 A 
to be solidified. As a result, the metal solder 6 charged into the gap V with 
the solder directly contacting the sheet faces of the glass sheets 1 A, IB on 
10 the side of the gap V blocks the communication between the vent 4 and the 

t lVr i 

^ ! gap V, whereby the sealing of the vent 4 is completed. Thereafter, if 

i J necessary, a water-proof sealant such as silicone may be applied to the vent 

;P 4 or a cap is affixed thereto, whereby the manufacture of the glass panel is 

C3 completed. 

3 15 Incidentally, in order to assure reliable blocking of the 

^ communication between the vent 4 and the gap V, when the content of the 

^| metal solder piece 6A is caused to flow into the gap V to charge it with the 

C§ metal solder 6, it is desired for effectiveness that the metal solder 6 should 

be charged uniformly about the exit of the vent 4 on the side of the gap V. 
20 In order to achieve such desirable charged condition, attention should be 

paid to the following respects 

<1> In the area of at least the space of the gap V to be charged with the 
metal solder 6, it should be arranged that the metal solder 6 tend to flow 

25 with substantially rotational symmetric relationship relative to the virtual 
center line of the vent 4. As specific methods for realizing this, the 
following methods may be cited. Namely, the glass panel should be set 
such that the sheet faces of the glass sheets 1A, IB be maintained 
substantially horizontal. The vent 4 should be formed with high precision 

30 such that the axis thereof extend normal to the sheet faces of the glass 
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sheets 1A, IB. Also ? the area to be charged with the metal solder 6 should 
he free from any object such as the spacer 5 which may interfere with free 
flow of the metal solder 6. 

If this condition is met, then, the molten metal solder piece 6A 
5 introduced into the gap V will flow into the gap V substantially coaxially 
from the exit of the vent 4 on the side of the gap V, so that it is readily 
possible to charge the metal solder 6 uniformly around the exit of the vent 4 
on the side of the gap V. 

4 J 10 <2> The amount of the metal solder 6 should be adjusted so that the 

0 amount of the molten metal solder piece 6 A flowing into the gap V may be 

appropriate. 

For instance, when it is desired to charge the metal solder 6 by a 
diameter of about 6 mm around the vent 4 of a diameter of 2 mm, the 



M 15 volume of the metal solder 6 used should be adjusted to correspond to the 

C9 

y sum of the volume of the metal solder 6 required for charging the gap V with 

\'"% 

% such diameter, the volume of the metal solder 6 required for filling the vent 

4 and the volume of the metal solder 6 required for charging the inside of 
the cover member 8 on the surface of the glass sheet 1A of the vent 4. 

20 

<3> The temperature and the time period after the metal solder piece 6A 
begins to flow before it solidifies should be controlled appropriately. 

That is, with the above item <1>, the molten metal solder piece 6 A 
flowing into the gap V via the vent 4 will flow out substantially coaxially 
25 from the exit of the vent 4 on the side of the gap V into the gap V. However, 
the speed of this outflow varies according to the temperature and the 
diameter of the vent 4, Also, after its has flown into the gap V to some 
extent, the speed will begin to decrease to reach a predetermined saturation 
point. 

30 Therefore, since the diameter of the vent 4 is set to a 
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predetermined value in advance, by maintaining the temperature and the 
time period constant after the metal solder piece 6A begins to flow out and 
before it solidifies, it is possible to render substantially constant the amount 
of the metal solder piece 6A flowing into the gap V. Further, by setting the 
5 temperature constant and also setting the time period until the 
sohdification of the metal solder piece 6A to be same as the time period until 
its outflow speed substantially reaches the saturation point thereof, the 
metal solder 6 may be charged into the gap V stably and appropriately. 

Next, other embodiments closely relating to the second 
10 embodiment will be described. 

} y <2-l> In the foregoing second embodiment, there is provided a glass 

;P panel in which the guide plate 7 is affixed to the periphery of the vent 4 

I** 

c;3 sealed with the metal solder 6 and the cover member 8 is provided for 

\^ 

g,*' 15 covering this guide plate 7 and the metal solder 6. However, if the guide 
;J plate 7 and the cover member 8 are removed after the outflow and 

Mj subsequent sohdification of the metal solder 6, there may be obtained a 

Q glass panel without the guide plate 7 or the cover member 8, as shown in 

Fig. 15. In this case, it is preferred that the guide plate 7 and the cover 
20 member 8 be formed of a material, such as aluminum, which hardly adheres 

to the metal solder 6. Further, as the metal solder 6 or the vent 4 is 

exposed to the outside, it should be protected by a water-proof coating 

applied thereto or a cap affixed thereto. 

25 <2-2> In the foregoing second embodiment, the metal solder 6 is charged 

uniformly, by taking the above-described items <1> through <3> into 
consideration. However, the invention is not limited to such embodiment. 
Alternatively, as shown in Fig. 16, by disposing a checking member 35 at an 
appropriate position in the vicinity of the exit of the vent 4 on the side of the 

30 gap V so as to positively check the flow of the molten metal solder piece 6A 
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introduced into the gap V, the metal solder 6 may be charged uniformly 
inside the gap V. Next, this embodiment will be described in greater 
details. 

Namely, for forming the checking member 35, a material which has 
5 relatively poor affinity relative to the molten metal solder, i.e. a material 
having poor wettability relative thereto, is suitable. For example, a 
stainless steel plate may be employed. If the gap V has a layer thickness of 
0.2 mm and the vent 4 has a hole diameter of 2 mm, the checking member 
35 may be a ring-shaped member having an inner diameter of 6 mm, an 
10 outer diameter of 10mm and a thickness of 0.1 mm. In this manner, in 
order to secure space for degassing during the depressurizing operation of 
the inside of the gap V, the thickness of the checking member 35 is set to be 
slightly smaller than the layer thickness of the gap V. Incidentally, even if 
^ such space exists, because of the poor wettability between the molten metal 

.M 15 solder and the checking member 35, there is substantially no possibility of 
I y the molten metal solder flowing over the checking member 35 into the gap 

V. 

Further, if the checking member 35 has gas permeability 
inherently therein, this will further reduce the resistance experienced by 
20 the gas to be removed from the gap in the course of the depressurizing 
operation of this gap V. Hence, the degassing operation may be carried out 
even more easily. For example, if the checking member 5 is formed of a 
stainless steel mesh plate having gas permeability, the degassing resistance 
will be reduced and also such plate can be profiled more easily than e.g. a 
25 stainless plate. In this case, the member may be formed by forming a 
stainless wire having a wire diameter of 0.05 mm into a 200 mesh plain 
weave, which provides an opening of 0.077 mm and an opening area 
percentage of 36.8%. 

Incidentally, in disposing the checking member at the gap, a 
30 projection may be formed in advance at a portion of the checking member. 
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Such checking member will come into contact with the sheet faces of the 
glass sheets inside the gap V, so that the checking member will be hardly 
displaced when the glass panel is inclined or the gap is being depressurized, 
whereby the metal solder may be charged more reliably to the target 
position. 

An example of the checking member having the displacement 
restricting means described above is shown in Fig. 17. The checking 
member 36 shown in Fig. 17 is formed by folding the ring-shaped checking 
member 36 into two to provide a projecting portion 36A so that the member 
has a portion thereof having a substantially horizontally oriented hooked- 
shaped cross section. When this checking member 36 is disposed within 
the gap V in a posture shown in the conceptual diagram of Fig. 17, a bottom 
side 36B of the checking member 36 comes into contact with the sheet face 
of the lower glass sheet IB and the projecting portion 36A, by the elasticity 
thereof, will tend to contact the sheet face of the upper glass sheet 1A at a 
position facing the vent 4. Therefore, the checking member 36 may be 
fixed in position at the appropriate position. 

<2-3> In the foregoing embodiments, in case the surfaces of the glass 
sheets 1A, IB on the side of the gap V are flat, the molten metal solder 6 and 
the glass sheets 1A, IB may contact substantially gaplessly, even on a 
microscopic scale, thereby to provide highly sealed condition to maintain the 
depressurized condition at the gap Vfor an extended period of time. 

However, if microscopic unevenness is present originally on the 
surfaces of the glass sheets 1A, IB on the side of the gap V (for example, 
when the glass sheets 1A, IB are frosted glass sheets or "Low-E" glass 
sheets having surface coating), there may arise the problem that non- 
contact portions may be formed at the contacting areas between the molten 
metal solder 6 and the glass sheets 1A,1B, whereby highly sealed condition 
at the gap V can not be maintained. Therefore, it is preferred that the 



29 



portions of the sheet faces of the glass sheets 1A, IB on the side of the gap V 
to be brought into direct contact with the metal solder 6 should be treated in 
advance into smooth surfaces without microscopic unevenness to an extent 
not to cause such problem. This treatment can be effected easily by a 
polishing process as follows. 

First, sanding is done with rough-mesh (e.g. No. 150, etc.) sand. 
Subsequent sanding is done with gradually replacing the sand by fine-mesh 
(e.g. No. 400, etc) sand. With this, the efficiency of the polishing process 
may be improved. 

When the sanding process is completed with sand of certain mesh. 
Next, by using a finishing polishing agent (e.g. fine powder of eerie oxide), 
pohshing is effected. With the above- described sanding process using 
sands, microscopic unevenness will remain, even when the process is 
finished with sand of considerably fine mesh (e.g. No. 1000). However, 
with the pohshing process, the surfaces may be finished into smooth faces 
enough to maintain the depressurized condition of the gap V for an 
extended period of time. 

<2-4> The sealing device for sealing the vent 4 with the metal solder 6 
too is not limited to those described in the foregoing embodiments. For 
instance, a device having the following construction may be used. 

For example, the sealing device shown in Fig. 18 includes a gas- 
tight box-like member 32 having a flexible pipe 19 for evacuating gas from 
the gap V and an O-ring 17 for providing sealing relative to the glass sheet 
LA Inside the box-like member 32, there is mounted an injector 35 
consisting of a cylinder 33 and a slider 34 shdably mounted inside the 
cylinder 33. The cylinder 33 of the injector 35 is communicated with an 
injecting hole 36. Further, the cylinder 33 incorporates therein a filter 37. 
And, the injector 35 is vertically slidable relative to the box-like member 32 
with maintaining the sealed condition relative to the box-like member 32. 



30 



This sealing process may be carried out in a maimer as follows. 
First, the box-like member 32 is set so that the injecting hole 36 of the 
injector 35 is located above the vent 4. Then, the metal solder piece 6A is 
inserted into the cylinder 33 and the injector 35 is heated e.g. from the 
5 outside so as to melt the metal solder piece 6A inside the cylinder 33. And, 
the injector 24 is slid down to bring the injecting hole 36 into face-to-face 
relationship with, the vent 4 (or insert it into the vent). 

Thereafter, by sliding the slider 34 downward, the molten metal 
solder 6 is injected from the injecting hole 36 through the vent 4 into the gap 
10 V. In the course of this, the oxide skin 6a mixed in the molten metal solder 
6 will be blocked by the filter 37, so that the oxide skin 6a is prevented from 
■§<* flowing into the injecting hole 25 and only the content of the metal solder 

piece 6A will be injected through the vent 4 into the gap V. 

Thereafter, like the sealing device of the foregoing embodiments, by 
15 setting an appropriate cooling period, the molten metal solder piece 6 A will 
be solidified, so that the communication between the vent 4 and the gap V 
will be blocked by the metal solder 6, whereby the sealing of the vent 4 is 
completed. 

20 <2-5> In each of the foregoing embodiments, there was described a 

method of manufacturing a glass panel in which the vent 4 is sealed after 
the evacuation operation of simply removing the gas from the gap V to 
render it into a depressurized condition. And, there was also described a 
glass panel manufactured by such method. However, the method of 
25 manufacturing a glass panel and the glass panel manufactured by the 
method according to the present invention are not limited to such 
embodiments. For instance, needless to say, the invention may be 
embodied as a method and a glass panel in which other gas than air (e.g. 
noble gas) is newly charged into the gap after the degassing of this gap V via 
30 the vent 4 and then the vent 4 is sealed so as to maintain this gap under a 
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gas-charged depressurized condition (e.g. a plasma display panel). 

<2-6> The glass sheets employed in the glass panel of the invention are 
not limited those illustrated in the foregoing embodiments in which one 
glass sheet and the other glass sheet are different in the length or width 
thereof. The glass sheets used may be of same dimensions as well. 

Further, as for the composition of the glass, it may also be soda 
lime silica glass, borosilicate glass, aluminosilicate glass, various kinds of 
crystallized glass. 

And, in the glass panel relating to the present invention, the outer 
peripheries of the glass sheets may be sealed with a metal solder, as a 
sealing material, including indium, lead, tin or zinc, etc. as its main 
components. 

Industrial Applicability 

The glass panel of the present invention may find its applications iv 
various fields such as the field of building construction, vehicles (window 
shield of automobile, railway train or of a boat), various instruments 
(display panel of a plasma display device, a door or wall of a refrigerator or 
heat-insulating device), etc. 
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